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DETAILED ACTION 

The examiner acknowledges the receipt of applicants' arguments and pending claims 
dated 02/26/2010. 

Rejections and objections made in previous office action that do not appear 
below have been overcome by applicant's amendments and therefore the arguments 
pertaining to these rejections/objections will not be addressed. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

1 . Claims 1-10 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Oh (US 2003/0118866) in view of Zhou (Advanced Functional Materials 2001, No. 
4, P. 310-314). 

2. Regarding Claim 1, Oh discloses and organic electroluminescent device 
(OLED) with an organic multilayer composed of layers in the following order 
(paragraphs 10-16): 

Anode 

Hole injection layer (HIL) 
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Hole transport layer (HTL) 

Light emitting Layer (luminescent layer) 

Electron transporting layer (ETL) 

Electron injecting layer (EIL) 

Cathode 

The above device disclosed by Oh shows: 

HTL adjacent to the positive-electrode (anode) side of the luminescent layer 
ETL adjacent to the negative-electrode (anode) side of the luminescent layer 
HIL located between the HTL and positive-electrode (anode) 
HIL adjacent to the anode (positive electrode) 

Oh fails to show an EIL adjacent to the cathode (negative electrode) side of the 
organic emitting layer (luminescent layer). 

The examiner takes the position that the EIL and ETL play similar roles in 
facilitating the flow of electrons. 

For this reason, it would have been obvious to one having ordinary skill in the art 
at the time the invention was made to have used one for the other as in Oh. Thus, 
rendering the EIL adjacent to the cathode (negative electrode) side of the organic 
emitting layer with the resulting device having similar performance. 

Oh fails to mention the conductivity of the HIL continuously changes along a 
thickness direction of the HIL. 
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Zhou discloses an OLED with an HIL where the layer thickness can be controlled 
by an evaporation process and the concentration of the component(s) that makes up 
the layer affect the conductivity. 

The thickness the HIL based the concentration component(s) that make up the 
layer is viewed as a cause effective variable to affect the conductivity of the HIL. Where 
an increased concentration of a given component would be expected to produce a layer 
with a high conductivity. 

It would have been obvious to a person of ordinary skill in the art at the time of 
the invention to have adjusted the thickness of the HIL to optimize the conductivity 
which would have included a continuous change along the thickness direction of the 
HIL. 

3. Regarding Claim 2, Oh fails to mention a HIL that includes 2 an acceptor. 

Zhou discloses an OLED where the HIL contains a strong acceptor, 2,3,5,6- 
tetrafluoro-7,7,8,8 tetracyanoquinodimethane (F4-TCNQ) (page 310) which leads to 
OLED(s) that exhibit lower driving and operating voltages (abstract). 

It would have been obvious to a person of ordinary skill in the art at the time of 
the invention to have modified the HIL of Oh by including the acceptor taught by Zhou 
since Zhou discloses that the presence of an acceptor in the HIL leads to OLED(0) that 
exhibit lower driving and operating voltages. 
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4. Regarding Claim 9, Oh discloses an OLED where the HIL is made from copper 
phthaiocyanine (paragraph 11). Oh fails to mention a HIL made from 4,4',4"-tris(N, N- 
diphenylamino)triphenylamine (TDATA) The use of F4-TCNQ as an acceptor in the HIL 
was discussed in section 3. 

Zhou discloses an OLED with enhanced hole injection (abstract) where the HIL is 
made of a starburst amine, TDATA (page 310). 

As the prior art teaches the use of phthaiocyanine and TDATA in a HIL of an 
OLED, these materials are considered as functional equivalents and would be readily 
exchangeable. An OLED with a HIL composed of TDATA would be expected to have 
similar properties to a HIL composed of phthaiocyanine. 

It would have been obvious to a person of ordinary skill in the art at the time of 
the invention to have modified the HIL of Oh by adding the TDATA and F4-TCNQ of 
Zhou since Zhou discloses the HIL shows enhanced hole injection with TDATA 
(abstract and page 310) and the OLED operates at a lower drive voltage with F4-TCNQ 
(abstract). 

5. Regarding Claim 3, Oh and Zhou teach the invention of claiml , Oh and Zhou 
fail to mention the acceptor in the HIL changes continuously along the thickness 
direction of the HIL. 

Zhou discloses that TDATA and F4-TCNQ are prepared by coevaporation which 
can be controlled independently measuring them separately with quartz thickness 
monitors allowing the ratio to be controlled (gradient thickness) (page 31 1). Zhou 
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mentions that the conductivity of the film (HIL) increases with dopant (F4-TCNQ) 
concentration (thickness). 

Whereas Oh and Zhou teach the controlled thickness of F4-TCNQ in the HIL that 
affects conductivity, it would have been obvious to deposit the F4-TCNQ evenly 
(continuously) in the thickness direction across the HIL to ensure a uniform 
enhancement of conductivity. 

6. Regarding Claims 4, 6, 5 and 7, Oh and Zhou teach the invention of claiml . Oh 
mentions the HIL adjacent to the HTL but fails to mention a border region with a 
reduced acceptor concentration formed in the vicinity of the HIL-HTL interface or that 
the acceptor concentration changes by at least 10% in the vicinity of the HIL-HTL 
interface. 

Zhou discloses that TDATA and F4-TCNQ are prepared by coevaporation which 
can be controlled independently measuring them separately with quartz thickness 
monitors allowing the ratio to be controlled (gradient thickness) (page 31 1). Zhou 
mentions that the conductivity of the film (HIL) increases with dopant (F4-TCNQ) 
concentration (thickness). 

The thickness of a given region of the HIL based the concentration of TDATA 
and F4-TCNQ is viewed as a cause effective variable to affect the conductivity of the 
HIL. 
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It would have been obvious to a person of ordinary skill in the art at the time of 
the invention to have adjusted the acceptor concentration in the vicinity of the HIL-HTL 
interface to optimize the conductivity of the HIL which would have included a reduction 
in the acceptor concentration at the HIL-HTL interface and an acceptor concentration 
change by at least 10% in the vicinity of the HIL-HTL interface. 

7. Regarding Claim 8, Oh and Zhou teach the invention of claim 2, Oh and Zhou 
fail to mention the HIL has first and second border regions with reduced acceptor 
concentrations in the vicinity of the HIL-HTL interface and in the vicinity of another HIL- 
HTL interface and the positive electrode (anode), respectively. 

Zhou discloses a method that control the thickness of the acceptor and indicates 
the doped (acceptor containing) HIL(s) give OLED(s) with lower driving voltages, lower 
operating voltages (abstract), and higher efficiencies (page 314). 

It would have been obvious to a person of ordinary skill in the art at the time of 
the invention to have adjusted the acceptor concentration in multiple regions in the 
vicinity of the HIL-HTL interface to optimize the conductivity of the HIL which would 
have included a reduced acceptor concentrations in the vicinity of the HIL-HTL interface 
and in the vicinity of another HIL-HTL interface and the positive electrode (anode). 

8. Regarding Claim 10, Oh discloses an OLED where the positive electrode 
(anode) is made of indium-tin oxide (conductive oxide) (paragraph 10). Oh discloses 
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that the HIL has a thickness of 10 to 30 nm. The applicant claims a thickness of 40-50 
nm. 

The thickness taught by Oh is not exactly the same as applicant but there is 
substantial overlap. It would have been obvious to a person of ordinary skill in the art at 
the time of the invention to have adjusted the thickness of the HIL to optimize the 
conductivity as discussed in section 5 which would have included the overlapping 
portion of the ranges, absent unexpected results. 

Response to Arguments 

All rejections based on Kim (US 7,297,417) are withdrawn. A new set of 
rejections are included based on Oh (US 2003/0118866). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to GREGORY CLARK whose telephone number is 
(571 )270-7087. The examiner can normally be reached on M-Th 7:00 AM to 5 PM 
Alternating Fri 7:30 AM to 4 PM and Off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Larry Tarazano can be reached on (571) 272-1515. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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Supervisory Patent Examiner, Art Unit 1786 Examiner 
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